An exact analysis of rotation effects on an unsteady flow of an incompressible and electrically conducting fluid past a uniformly accelerated infinite isothermal vertical plate, under the action of a transversely applied magnetic field is presented. The plate temperature is raised linearly with time and the concentration level near the plate is also raised to C' w . The dimensionless governing equations are solved using the Laplace-transform technique. The velocity profiles, temperature and concentration are studied for different physical parameters such as the magnetic field parameter, chemical reaction parameter, thermal Grashof number, mass Grashof number, Schmidt number, Prandtl number and time. It is observed that the velocity increases with increasing values of the thermal Grashof number or mass Grashof number. It is also observed that the velocity increases with decreasing values of the magnetic field parameter or rotation parameter Ω.
Introduction
The influence of the magnetic field on a viscous incompressible flow of an electrically conducting fluid has its importance in many applications such as extrusion of plastics in the manufacture of rayon and nylon, purification of crude oil, pulp, paper industry, textile industry and in different geophysical cases etc. In many process industries, the cooling of threads or sheets of some polymer materials is of importance in the production line. The rate of cooling can be controlled effectively to achieve final products of desired characteristics by drawing threads, etc. in the presence of an electrically conducting fluid subject to a magnetic field.
Chemical reactions can be codified as either heterogeneous or homogeneous processes. This depends on whether they occur at an interface or as a single phase volume reaction. In well-mixed systems, the reaction is heterogeneous, if it takes place at an interface and homogeneous, if it takes place in solution. In most cases of chemical reactions, the reaction rate depends on the concentration of the species itself. A reaction is said to be of first order, if the rate of reaction is directly proportional to the concentration itself. Chambre and Young (1958) analyzed a first order chemical reaction in the neighborhood of a horizontal plate. Das et al. (1994) studied the effect of a homogeneous first order chemical reaction on the flow past an impulsively started infinite vertical plate with uniform heat flux and mass transfer. Again, mass transfer effects on a moving isothermal vertical plate in the presence of a chemical reaction was studied by Das et al. (1999) . The dimensionless governing equations were solved by the usual Laplace-transform technique. Gupta et al. (1971) studied free convection of a flow past a linearly accelerated vertical plate in the presence of viscous dissipative heat using the perturbation method. Kafousias and Raptis (1981) extended the above problem to include mass transfer effects subjected to variable suction or injection. Free convection effects on flow past an accelerated vertical plate with variable suction and a uniform heat flux in the presence of a magnetic field was studied by .
MHD effects on flow past an infinite vertical plate for both the classes of impulse as well as accelerated motion of the plate were studied by Raptis and Singh (1985) . Mass transfer effects on flow past a uniformly accelerated vertical plate were studied by Soundalgekar (1982) . Basant and Prasad (1990) analyzed mass transfer effects on the flow past an accelerated infinite vertical plate with heat sources. Singh (1984) studied an MHD flow past an impulsively started vertical plate in a rotating fluid. Rotation effects on a hydromagnetic free convective flow past an accelerated isothermal vertical plate were studied by Raptis and Singh (1985) . Recently, rotation effects on flow past a vertical plate in the presence of thermal radiation were analyzed by Vijayalakshmi (2009) .
Hence, it is proposed to study the effects of rotation on the hydromagnetic free-convection flow of an incompressible viscous and electrically conducting fluid past a uniformly accelerated infinite vertical plate with variable temperature and uniform mass diffusion, in the presence of a chemical reaction of first order. The dimensionless governing equations are solved using the Laplace-transform technique. The solutions are in terms of exponential and complementary error function. Such a study is found useful in magnetic control of molten iron flow in the steel industry, liquid metal cooling in nuclear reactors, magnetic suppression of molten semi-conducting materials and meteorology.
Governing equations
Consider the unsteady hydromagnetic flow of an electrically conducting incompressible and viscous fluid past a uniformly accelerated motion of an infinite vertical plate when the fluid and the plate rotate as a rigid body with a uniform angular velocity Ω′ about the z′-axis in the presence of an imposed uniform magnetic field B 0 normal to the plate. Initially, the temperature of the plate and concentration near the plate are assumed to be T ∞ and C′ ∞ . At time t′ > 0, the plate starts moving with a velocity u = u 0 t′ in its own plane and the temperature from the plate is raised linearly with time and the concentration level near the plate are also raised to C' w . Since the plate occupying the plane z′ = 0 is of infinite extent, all the physical quantities depend only on z′ and t′. It is assumed that the induced magnetic field is negligible so that B= (0, 0, B 0 ). It is also assumed that the effect of viscous dissipation is negligible in the energy equation and there is a first order chemical reaction between the diffusing species and the fluid. Then the unsteady flow is governed by free-convective flow of an electrically conducting fluid in a rotating system under the usual Boussinesq's approximation in a dimensionless form
with the following initial and boundary conditions for all ,
as .
On introducing the following non-dimensional quantities
the dimensionless governing equations are as follows
The initial and boundary conditions in non-dimensional quantities are
The hydromagnetic rotating free-convection flow past an accelerated vertical plate is described by coupled partial differential Eqs (2.7) to (2.10) with the prescribed boundary conditions (2.11). To solve Eqs (2.7) and (2.8), we introduce a complex velocity q = U + iV , Eqs (2.7) and (2.8) can be combined into a single equation
where, m = M + 2iΩ.
Method of solution
The dimensionless governing Eqs (2.9), (2.10) and (2.12), subject to the initial and boundary conditions (2.11), are solved by the usual Laplace-transform technique and the solutions are derived as follows 
In order to get the physical insight into the problem, the numerical values of q have been computed from Eq.(2.9). While evaluating this expression, it is observed that the argument of the error function is complex and, hence, we have separated it into real and imaginary parts by using the following formula 
Results and discussion
For physical understanding of the problem, numerical computations are carried out for different physical parameters Gr, Gc, Sc, Pr, M and t upon the nature of the flow and transport. The value of the Schmidt number Sc is taken to be 0.6 which corresponds to water-vapor. Also, the values of the Prandtl number Pr are chosen such that they represent air (Pr = 0.71) and water (Pr = 7.0). The numerical values of the velocity, temperature and concentration fields are computed for different physical parameters such as the Prandtl number, rotation parameter, magnetic field parameter, thermal Grashof number, mass Grashof number, Schmidt number and time.
In Fig.1 , the temperature profiles are calculated for water and air from Eq.(3.2) and these are shown. The effect of the Prandtl number plays an important role in the temperature field. It is observed that the temperature increases with decreasing the Prandtl number. This shows that heat transfer is greater in air than in water. 
Conclusion
The theoretical solution of flow past a uniformly accelerated infinite isothermal vertical plate in the presence of variable mass diffusion has been studied. The dimensionless governing equations are solved by the usual Laplace transform technique. The effect of different parameters such as the thermal Grashof number, mass Grashof number and t are studied graphically. It is observed that the velocity increases with increasing values of Gr, Gc and t. But the trend is just reversed with respect to the rotation parameter or magnetic field parameter M. It is also observed that the plate concentration decreases with increasing values of the chemical reaction parameter. 
